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Summary of Research

(May 1, 1968 - October 31, 1968)

-The major géals of this research are to generate
a deep understanding of communication channels and
sources and to use this understanding in the development

of reliable, efficient communication technigues.

1. Optical Communication

The fundamental limitations and efficient utilization
of optical channels are the general concern of these
investigations. Our interests include the turbulent
atmospheric channel, the cloud transmission channel,
quantummlimited channels, and scatter\channels. The
investigations range from channel modeling issues
through feasible near-optimum communiéation systems
to fundamental coding theorems. \

The -performance limitations imposed by atmospheric
turbulence in the absence of quantum effects has been
;determined.l'2 The optimum receiver for this-channel
differs from those normally employed in that it
utilizes the spatial diversity inherent in the
fluctuations of the field across the recéiving aperture.
Since a receiver which utilizes this aiversity in the
moét straightforwafd way is often extremely complicated,
we have examined the field fluctuations for structure
that might be cleverly ekploited by the receiver. Suitable
structure has been fouhd over relatively small apertures'.,:s"'4
In pérticula:, the field is reasonably modeled as a |
supérﬁosition of a few non-uniform plane waQes. The
developmeht of relatively simple near optimum recéivers

‘continues.



A doctoral level investigation of the limitations
imposed by the turbulent atmosphere upon high resolution
astronomy, or .surveillance, has aiso been completed.5
The principal conclusion is that significant gains
in performance can be realized for "bright" objects
through the use of data processing techniques suggested
by statistical estimation theory. However, these
techniques involve a substantial amount of data processing.

In other areas, three doctoral level investigations
have been completed. One of these is'concerned with
the structure and performance of optimum guantum receivers
for random phase and for fading channels used in conjunc-
tion with orthogonal waveform alphabets.6 Analytical
descriptions of the receivers have been developed and
exponentially correct bounds to the error probability
‘have been determined. ‘One conclusion has been that
quantum effects cannot be accounted for by an additive
“guantum” noise.

The limitations upon the transmission of information
by combined temporal and spatial modulation, e.g., by a
sequence of “images", is the subject of another
complézéaﬂaoctoral»thesis.7 The fundaméntal relationships
between time, bandwidth, aperture ;ize, and background
noise were of particular-concernAih this investigation.

A principal result has been a more complete under-
standing of the number of degrees of freedom contained
within a specified region of the>time—frequency-space
‘domain. ‘ ‘

A model for communication through clouds has been
developed in a third doctoral thesis.8 Among the
principal results—;eie the conclusion that the received -

process is Gaussian and a determination of the amount



~of spatial-diversity inherent in the channel; The
performance of cloud channels when the noise is
adequately described by an additive white Gaussian

process was also determined.

2. Coding for Noisy Channels and for Sources

A doctoral thesis on systematic convolutional codes
and on the sequential decoding of systematic convolutional
codes has béen completed.9 Earliex resultslo showed that
with maximum-likelihood decoding, the exponential
dependence of error probability on code constraint

Miéﬁgth for systematic codes is é:ffaction m/(m+l) of
that for nonsystematic codes, where m is the number of
check digits per information digit in the code. Later
results show that the error probability for seguential _
decoding of systematic convolutional codes is considerably
higher than the error probability for maximum-likelihood
decoding and indicate that under most circumstances,
nonsystematic codes should be used in sequential decoding
applications.

Another doctoral research project is centered
around the problem of transmitting a discrete-time
Gaussian source over an additive white Gaussian noise
channel with a mean square error criterion. It has
been shown that if the successive source samples are
independently processed for transmission, by any means
at all, the resulting mean square error, in the limit
of high signal to noiseratio& must be at least 6 db
higher than the minimum mean square error achievable
with joint processing of the source samples, It has

also been shown that a process essentially eduivalent

to discrete time FM and to PPM yields a mean square error



approximately 8d}p higher than the minimum achievable
with joint prOceséing. Work is progressing on the

case of smaller signal to noise ratios and on achieving
a closer tie into classical modulation theory.

A text bookll on Information Theory and coding
techniques has also been COmpléted. Along with
providing simple treatments of the well-known results
in the field, the book gives cohesion to many previously
disjoint topics and presents numerous pfeviously

unpublished research results.
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